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Ontologies are formal explicit description of concepts in a domain of discourse, properties of these concepts, and 
restrictions on these properties that are specified by semantics that follow the “rules” of the domain of 
knowledge. As such, ontologies would be extremely useful as knowledge bases for an application attempting to 
add context to a particular Web search term. This paper describes such an application and reports the results of a 
user study designed to compare the effectiveness of the results of web search queries formulated using an 
ontology -aided application with those obtained using only a keyword-based search engine. The results of the 
study demonstrate that an ontology -aided search application does indeed increase the effectiveness of web 
searches for those searches requiring a deep domain knowledge. 
Introduction 
The World Wide Web (WWW) is an easily accessible source of information for students, 
professionals, researchers, as well as the general public. However, the volume of information 
available through the Web is so overwhelming that it is not unus ual to get tens of thousands 
of “hits” when conducting a relatively simple search. Improving Web searches has, therefore, 
become an important and potentially lucrative area of research and development. Since the 
current Web lacks, for the most part, embedded semantics which allows machines to decipher 
the true content of the Web pages, as envisioned by Tim Berners-Lee for the “Semantic Web” 
(Berners-Lee et al. , 2001), most existing search techniques must use brute force based on 
keyword matches to find related Web pages. While the enormous speed of search engines 
improves the efficiency of such methods, effectiveness is not improved.  
 
Broad keywords or limited word searches will often result in a large number of hits, many of 
them irrelevant. Conversely, using the appropriate keyword(s) will result in high degree of 
relevance in the returned set, therefore resulting in a highly effective search. In order to take 
advantage of currently available search engines to return user-specific relevant results, an 
intelligently crafted list of keywords and phrases needs to be formed. To develop such a list, it 
is necessary to have sufficient knowledge of the domain of context. Unless the user is a 
subject matter expert, finding the relevant and related terms of a domain may be difficult or 
even erroneous. In order to gain contextual knowledge, ontologies, defined as “specification 
of conceptualization,” can be used to discover relevant information about the domain of 
interest (Gruber, 1993). By navigating ontologies that describe domains of interest, users are 
assisted in finding a relevant set of key terms that will aid the search engines in narrowing, 
widening, or refocusing a Web search.  
 
Query expans ion has been widely used in the field of Information Retrieval. For example, 
Voorhees (1994) , Gonzalo et al. (1998), Liu et al. (2004), and Navigli and Velardi (2003)  
utilized Wordnet, a semantic lexicon for the English language , to expand queries. Liu and 
Lieberman (2002) used ConceptNet, a semantic net commonsense knowledgebase, to expand 
query with the related concepts. Other proposed strategies for query expansion include 
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document structure analysis (Cutler et al., 1999), statistical methods (Carpineto et al., 2002), 
and query logs (Cui et al., 2002). 
 
However, the use of ontologies to expand queries, particularly Web-based ontologies, is 
almost absent. This paper briefly describes a prototype ontology-aided knowledge discovery 
assistant (OAKDA) application which aim is to enhance the relevance and precision of the 
returned results through the use of a context provided by ontologies, and attempts to answer 
the following question: Can an ontology-aided Web search application increase the 
effectiveness of Web search results over keyword-based approaches for those searches that 
require contextual knowledge of the domain of interest? Towards this end, the paper describes 
and reports the results of an experimental user study designed to compare the effectiveness of 
the results of Web search queries formulated by study participants using an ontology-aided 
application with those obtained by the same participants using only a keyword-based search 
engine. The goal of the experiment is to determine whether ontology-aided Web search 
application improves the effectiveness of the web search queries generated by the participants 
in the experiment. 
 
For the purpose of this research, effectiveness is measured using the following three criteria: 
(1) whether the query retrieves pages containing the pertinent answer for the search task, i.e. 
the precision of the results; (2) whether the pages retrieved are “about” the context that relates 
back to the ontology domain, i.e. the precision of the context; and (3) the participant’s own 
subjective rating on how well the ontology-aided Web search application performed in 
answering the search tasks compared to the keyword-based application.  
 
The paper is organized as follows. The following section briefly describes the ontology-aided 
knowledge discovery application used for this research. This is followed by a discussion of  
the experimental design including assumptions, participants, apparatus, and data collection 
procedures. The fourth section presents the data analysis procedures, while the fifth section 
five discusses the results. Finally the last section concludes the paper with a summary and 
insights gained from the research.  
The Ontology-Aided Knowledge Discovery Assistant (OAKDA) Application 
In order to test the hypothesis of this paper, an Ontology-aided Web search application, called 
OAKDA, was designed and implemented. OAKDA is designed to help users enhance the 
relevance and precision of the returned results through the use of a context provided by 
ontologies associated with each search.  
 
OAKDA enables the user to augment an initial set of search terms  w ith data derived from 
ontologies expressed in the Web Ontology Language (OWL) in one or more domains of 
interest. OWL is an extension of Resource Description Framework (RDF), a language for 
metadata interoperability to facilitate richer inferences than RDF Schemas. OWL provides a 
vocabulary to create hierarchy of classes and use of class inheritance. OWL’s extensions 
include semantics for cardinality, class and instance equality, relationship between classes, 
and property characteristics.  
 
With additional search terms and better understanding of the domain of interest, users can 
create queries that are both focused and relevant. Results are delivered back to the users 
through a web search portal. 
 
640
The OAKDA application facilitates the above scenario by providing the following 
functionality: 
1. Pre-searching a database of ontologies with the user’s initial set of search terms to 
help the user locate relevant ontologies. 
2. Performing Description Logics (DL) reasoning to compute the inferred hierarchy of 
the selected ontologies (Baader et al., 2003). 
3. Providing a graphical interface to help users explore and navigate relevant ontologies 
in an easy and intuitive way.  
4. Formatting the ontology ge nerated search terms into a web search query and passing it 
to a Web search engine. 
 
OAKDA can be used to navigate an ontology by moving up and down its class hierarchy. 
Alternatively, the application can traverse an ontology through relationships between the 
instantiations of different classes , known as “Individuals.” Individuals in an ontology are 
related through individual/property relationships. 
 
The following is a typical use case for OAKDA: 
1. The user begins the application with an initial search term related to the domain of 
interest. 
2. The application presents the user with an ordered list of ontologies relevant to his/her 
initial search term. 
3. The user selects an appropriate ontology for the search. 
4. The application retrieves the chosen ontology, invokes a reasoner, and allows the user 
to navigate the inferred class hierarchy using an easy to use graphical interface in 
order to expand/contract the initial search term. 
5. The user searches the web with the new terms discovered from the OWL-DL 
ontology. 
 
Figure 1 describes the components of the OAKDA architecture. As shown in Figure 1, the 
architectural components are physically distributed over client, OAKDA server, and third 
party servers. There are four different modes of communication between the software and 
hardware system components: TCP/IP, direct program calls between Java programs, System 
I/O, and disk I/O. All interactions across server boundaries are TCP/IP based network 
messages. 
 
In order to illustrate the workings of OAKDA, the remainder of this section describes a 
typical OAKDA usage scenario. Consider a user who is interested in cartoons in general and 
the cartoon character “Jerry” in particular. The user launches the OAKDA application and 
types in the search term “Jerry” on the application home page and clicks the Submit button, as 
shown in Figure 2. This action generates a HTTP request containing the search term as an 
argument to the Web server which forwards the request to the Tomcat application server. The 
Tomcat server instantiates a program event that is handled by a specific Java servlet. The 
event invokes a Java program to create a SQL query, with search term “Jerry” as a search 
parameter, to query an indexed OWL-DL content table in MySql Database. Communication 
between the Java servlet and MySql DBMS is accomplished via the JDBC API. The query 
returns the list of ontologies that include the search term. The query results are passed back to 
the Java servlets where they are ranked using a match closeness algorithm, incorporated into a 
HTML document, and sent back to the client via a HTTP response by the Web server. In this 
case, the term “Jerry” was found in the OAKDA repository in an ontology called “Cartoon 
Star.” 
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 Figure 1: OAKDA Architecture. 
Figure 2: OAKDA Home Page 
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A ranked list of matching ontologies and a links to the source OWL-DL files are displayed to 
the user. The user selects a desired ontology for further exploration. In this example, the user 
selects the “Cartoon Star” ontology. This action sends HTTP messages to the Tomcat server 
which are passed to Java servlets that create an HTML document to be sent as a response back 
to the client browser. HTML <APPLET> tags in the response direct the browser to download 
and instantiate a TouchGraph1 based Java applet to render OWL-DL data as a directed graph 
for user manipulation. Once the applet is loaded, it sends a HTTP request message to the Web 
server which in turn accesses the reasoner Racer via JRacer middleware (Haarslev & Möller, 
2003). Racer is instructed to read the “cartoon_star.owl” file and query it for all nodes directly 
associa ted with “Jerry.” Description logics based reasoning executes as the ontology is 
instantiated in Racer’s memory. A list describing all ontology information connected to 
“Jerry” is passed back to the Java Servlet which instantiates a Java bean object to be used as a 
container for this information. The Java bean is serialized2 and sent, via the Web server, back 
to the client applet as HTTP data. The Applet then un-serializes the data back into a Java bean 
object. This object is passed to the TouchGraph program and used to render the nodes and 
edges of the directed graph depicting the OWL-DL ontology on the end user’s client browser. 
 
The client interface now displays a directed graph showing all the ontology nodes connected 
to “Jerry” in the Cartoon Star ontology, as shown in Figure 3. The ontology display shows, 
among other relationships, that “Jerry” is an Individual node instantiated from the 
“Disney_Mouse” class and that it is related to another individual named “Tom” through the 
“In_Same_Cartoon_Series” property. The user can navigate the ontology by re-orienting the 
graph around any other node of interest. 
                                                 
1 http://www.TouchGraph.com 
2 Serialization is the process of saving an object onto a storage medium in order to later be able to re-create an object that is 
identical in its internal state to the original. 
Figure 3: Display showing a directed graph of ontology nodes. 
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For example, by right clicking the individual, “Tom,” and selecting the “orient about node” 
option from the context menu, the applet sends an HTTP message to the Web server that in 
turn dispatches an event to a Java servlet which queries, via JRacer middleware, the reasoning 
engine Racer for all the OWL-DL data directly related to the “Tom” node. The data is 
incorporated into a Java bean, serialized and sent back to the client applet. The applet then re-
displays a new directed graph centered on the individual, “Tom.” All relationships that “Tom” 
has with other nodes are displayed including the “In_Same_Cartoon_Series” property with 
the node “Jerry.” 
 
At any time, the user can select any term in the displayed ontology that he would like to 
include in the Web search. This is accomplished by right clicking the node and choosing the 
“add as search term” option from the context menu. For this example, assume the user selects 
the “Tom,” “Jerry,” and “Disney_Cat” nodes as search terms. This event causes the applet to 
send an HTTP message to the Web server dispatching a Java servlet to create a SQL “insert” 
statement containing the selected ontology terms along with the session ID of the current 
HTTP session. The session ID is later used to retrieve the entire set of user selected search 
terms that are stored during that session. The servlet then executes the SQL statement using 
JDBC API to the MySql database. The result of this action is the creation of a database record 
in a table used to store user selected search terms. 
 
When the user has completed the search term selection from the displayed ontology and 
submitted his/her request, an HTTP request is sent to the Web server which dispatches a 
servlet to create a SQL statement to retrieve all the stored search terms chosen during the 
current Web server session. The servlet executes the query, retrieving “Tom,” “Jerry,” and 
“Disney Mouse” from the database. This data is incorporated into an HTML document that is 
sent back to the client browser for display. The applet running in the browser’s Java Virtual 
Machine (JVM) is terminated. The user display now consists of the list of selected search 
terms in an HTML form designed to allow the end user to edit or modify them and specify 
how they are combined to form the final Web search query. 
 
Once the user initiates the Web search, HTTP messages are sent to the Web server which 
dispatches a Java servlet to incorporate the message data into a SOAP envelope destined for 
Google’s Web Services portal. The Web server routes the SOAP message request and 
receives Google’s SOAP HTTP response. Contained in the response is the listing of Web 
search hits that Google found in its database. This information is integrated into an HTML 
document and sent back to the client browser using an HTTP response. The OAKDA screen 
of the Google Web search results is shown in Figure 4. 
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 Experimental Design 
The experimental design used for this research is described in the following subsections, 
namely assumptions, participants, apparatus, and data collection procedures. 
Assumptions 
The following assumptions were made when designing the experiment. First, search query 
tasks require deep knowledge of a context domain. Second, the search task’s domain 
correlates strongly with the context of an existing and available ontology. Third, the 
information of the search task is sufficient to identify an aiding ontology but is insufficient to 
retrieve the answer easily via a keyword-based search.  
 
Search tasks were crafted to comply with these assumptions. First, search tasks were complex 
enough so as to not “give away” important information that would enable an easy path to the 
answer via a standard keyword-based search. Information contained in the search task was 
separated by at least two degrees from the requested answer. As an example, consider the 
following query: “Find the name of the brother of Charlie Brown’s Psychoanalyst.” Using the 
Peanuts cartoon domain, the answer, “Linus,” is two degrees away from “Charlie Brown,” 
who is the brother of Lucy, who in turn is Charlie Brown’s psychoanalyst. Second, the search 
questions were formulated in such a way to allow participants to locate an available ontology 
that is mapped properly to the given search tasks. 
Participants 
The participants in this study consisted of 10 adults ranging from 25 to 70 years of age. About 
half of the subjects are information technology workers or have some involvement in IT and 
related professions. The rest are employed in various other fields. All have an undergraduate  
college education or higher and considerable experience in conducting research on the 
Internet. None of the participants was a trained professional searcher. 
Figure 4: OAKDA Web search results display. 
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Apparatus 
All participants in the study used Microsoft Internet Explorer and a high speed Internet 
connection. The OAKDA application was used as the ontology-aided Web search 
environment while the Google Web search portal was used as the keyword-based search 
environment. 
Data Collection Procedures 
Two types of data were collected from study participants: personal and experiment data. The 
personal data included the participant’s name, age, and profession. For the purpose of this 
study, personal data was not used in the data analysis. 
 
Before conducting the experiment, each subject was trained in the use of OAKDA with a 
sample search task. The training covered OAKDA’s user interface as well as guidance on how 
to construct search queries. No training was given for using Google, but many of the tips 
given for OAKDA were applicable for producing effective search results in Google. All 
participants indicated they have  extensive experience using Google, or similar keyword-based 
Web search tools. 
 
Each subject answered half of the Web query tasks using OAKDA and half using Google.  
The selection of questions for each environment was randomized so that each Web query was 
more or less equally assigned to each environment. 
 
When answering Google queries, study participants were allow ed as many as three attempts 
to refine their search query. They were permitted a maximum of 5 minutes to work on each 
question. During this time, they were allowed to visit the retrieved web pages to find 
information that could enhance the subsequent queries. The query term list from each attempt 
was captured as a data point. 
 
When answering OAKDA queries, study participants were also allowed 5 minutes per que ry, 
but were granted more time if they were experiencing technical problems or needed help with 
application functionality. No othe r type of help was given to study participants while using 
OAKDA. OAKDA stored all submitted queries in a database and only the first three queries 
results for each participant were used in the data analysis phase. 
 
Data captured for each participant included a search query identifier, number of the attempt, 
Web query text, participant’s overall rating of each application’s performance, and the 
precision scores as calculated by the experimenter. One record was generated for every Web 
search query. Table 1 shows the data structure for a captured observation. 
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 Field Name 
Data 
Type Description  
Subject_Id Integer Unique numeric identifier for person participating 
in the study 
Group_Type String Identifies data point as being in “TEST” or 
“CONTROL” study group 
Question_Id Integer Unique numeric identifier for questions posted to 
the participant 
Attempt_# Integer Search query attempt number (1..3) 
Search_Query_String String Actual Google search term list  
Answer Score Number  
Score between (0..1) that reflects the percentage of 
the top 20 web hits generated by the 
Search_Query_String that contained the answer to 
the search task specified by the Question_id 
Context Score Number  
Score between (0..1) that reflects the percentage of 
the top 20 web hits generated by the 
Search_Query_String that contained the correct 
context for the search task’s domain 
 
Table 1: Structure of data collected.  
 
Six Web search tasks were used in the study. The participants were instructed to formulate 
Web search queries that retrieve information as relevant as possible to the task’s target 
answer. The search tasks assigned to the participants and the associated ontologies are listed 
in the Table 2 below. 
 
Question 
Id Task text Ontology File 
1 
Formulate a search query that will retrieve information 
about the geographic features of a tropical Island Nation off 
the coast of the African continent.  
Geography.OWL 
2 
Formulate a Web Search query that retrieves the name of 




Formulate a search query which will retrieve web pages 
pertaining to at least two French artists who made both 




Formulate a search query which will retrieve web pages 
pertaining to a computer programming language that that 
can be written in either a “Procedural” or “Object 
Oriented” programming paradigm. This language is a 





Formulate a search query which will retrieve web pages 
pertaining to an electric guitar that is the signature model of 
a famous musician. The musician’s first name begins with 




Formulate a query that retrieves web pages containing the 
name of a type of golf ball commonly used ~150 years 
before the introduction of the modern golf ball and the 
components materials from which it was manufactured.  
Golf.owl 
 
Table 2: Participant’s Web search tasks. 
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The participants were also asked to rate subjectively the effectiveness of both Google’s and 
OAKDA’s searches on a scale between 0 and 10. This data was intended to represent the 
participant’s perceived measure of OAKDA’s usefulness compared to Google’s, and 
represented the “Participant Rating” score of the experiment data. 
 
Precision scores were calculated by checking the relevance of the top n number of retrieved 
Web pages from any given query. In general, the precision was defined as the ratio of the 
number of relevant hits retrieved to the total number of examined hits, expressed as a 
percentage. The queries recorded for each participant were given a rating in two analysis 
categories: 
The “Answer Precision” Score 
Each query result was rated between 0 and 1 (0..1) for the presence of the “answer(s)” to the 
search task in the text of the retrieved web hits. The examination of the Web pages was 
accomplished with a Java program which downloaded the pages and used regular expression 
processing to find the answer text within the page content. The top 20 Web hits generated by 
each query were examined. For each query, the answer precision score was determined by 
calculating the number of Web sites with the answer text divided by the total number of 
examined sites. A score of .75 meant the answer text was present in 15 out of the top 20 Web 
pages retrieved by the query.  
The “Context Precision” Score 
Similarly, each of the top ten retrieved Web pages was examined by the investigators to 
assess if they had the correct contextual background pertaining to the search task. For 
example, if the search task pertains to the domain of golf equipment, and the retrieved web 
pages are about Gutta Percha tree agriculture, then the page was considered to be contextually 
inaccurate. The determination of whether a given page was contextually accurate was 
achieved by a visual analysis. The context precision score was calculated as the ratio of the 
number of pages that had the correct context for the search task.  
 
It is important to note that recall performance was not considered for the study since the data 
analyzed is “pulled” from a Web search portal, the total set of relevant data on the Web was 
too large to be efficiently measured. 
 
The scores for each query formed the raw data used for the statistical analysis. As indicated, 
each participant answered half (three) of the search tasks using OAKDA and the other half 
using Google . The ten participants in the study produced a total of 125 Web search queries in 
answering six Web search tasks (each was allowed up to three attempts). Therefore, each 
participant produced, on average, 2.08 queries out of a possible 3 for each test and control 
data set. Only the best performing query was kept for each search task answered, producing 
30 total observations for the OAKDA application and 30 for the Google. Each participant’s 
scores were averaged, leaving a total of ten observations for each experiment group, or one 
observation per participant. 
 
This data summary was performed for both the “Answer Precision” and “Context Precision” 
data sets. The final raw data set consisted of three data sets as shown in Table 3: “Answer 
Precision” score, “Context Precision” score, and Participants Rating score data sets. These 
data sets were used for the statistical analysis as described in the following sections. 
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  Participant Rating Answer Precision Context Precision 
Participant ID Google OAKDA Google OAKDA Google OAKDA 
1 0.6 0.7 0.417 0.850 0.600 0.900 
2 0.7 0.9 0.833 0.567 0.700 0.800 
3 0.7 0.75 0.650 0.900 0.667 0.567 
4 0.4 0.6 0.367 0.550 0.400 0.667 
5 0.6 0.9 0.583 0.817 0.733 0.733 
6 0.65 0.9 0.550 0.833 0.800 0.767 
7 0.4 0.8 0.400 0.867 0.633 0.600 
8 0.3 0.8 0.383 0.600 0.667 0.833 
9 0.7 0.7 0.500 0.833 0.633 0.533 
10 0.4 0.8 0.300 0.783 0.433 0.167 
Mean score 0.545 0.785 0.498 0.760 0.627 0.657 
 
Table 3: Experiment data results. 
Data Analysis Procedures 
The objective for the statistical analysis is to test whether there is a statistically significant 
difference between score means of the test and control data sets. The method used to test for 
significance is the t test for dependent samples since we are dealing with a group of scores for 
the same participants (Elliott, 2007). The t test involves a comparison of means from two 












SD is the sum of all differences between groups 
SD is the sum of all differences squared between groups  
n is the number of pairs of observations. 
t Test for the “Participant Rating” 
This section computes the t test statistic for the “Participant Rating.” As indicated, the 
“Participant Rating” scores consist of the participants’ rating scores of the perceived 
effectiveness of OAKDA and Google in retrieving relevant Web pages to answer the search 
tasks 
 
The null hypothesis for this test states that there is no difference in the participant rating 
between effectiveness score means of Google and the OAKDA searches. The research 
hypothesis is that the participants rate the OAKDA searches as more effective than Google 
searches. The research hypothesis is a one-tailed, directional research hypothesis because it 
posits that the OAKDA score will be higher than the Google score. 
 
The obtained value for t is 4.65. Using this value and appropriate t-value tables, the value 
needed for rejection of the null hypothesis at the 0.05 significance level is 1.833. Since the 
obtained value is greater than the critical value, the null hypothesis can not be accepted. This 
indicates that users rate the effectiveness of OAKDA searches as, indeed, higher than that of a 
Google search for the experiment query set. 
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t Test for the “Answer Precision”  
This section computes the t test statistic for the “Answer Precision.” As described, the 
“Answer Precision” data set consists of the precision scores of retrieved web pages, measured 
by the number of sites containing the answer text of the search task. 
 
The null hypothesis states that there is no difference between the answer precision scores of 
Google as compared with OAKDA. The research hypothesis is that OAKDA search results 
contain the correct answer to the research task more frequently than Google searches. The 
research hypothesis is a one-tailed, directional research hypothesis because it posits that the 
OAKDA answer precision will be higher than Google. 
 
The obtained value for t is 3.68. Using this value and appropriate t-value tables, the value 
needed for rejection of the null hypothesis at the 0.05 significance level is 1.833. Since the 
obtained value is greater than the critical value, the null hypothesis can not be accepted; 
indicating that the answer precision of OAKDA is higher than Google results for the 
experiment query set. 
t Test for the “Context Precision” 
This section computes the t test statistic for the “Context Precision.” As indicated, the 
“Context Precision” data set consists of the precision scores of retrieved web pages, measured 
by sites containing the correct c ontext of Web page content pertinent to the search task. 
 
The null hypothesis states that there is no difference between the “Context Precision” scores 
derived from Google as compared with OAKDA. The research hypothesis is that OAKDA 
search results contain the correct research task context more often than Google searches. The 
research hypothesis is a one-tailed, directional research hypothesis because it posits that the 
OAKDA score will be higher than the Google score. 
 
The obtained value for t is 0.54. Using this value and appropriate t-value tables, the value 
needed for rejection of the null hypothesis at the 0.05 significance level is 1.833. Since the 
obtained value is less than the critical value, the null hypothesis can not be rejected, indicating 
no advantage was detected for using OAKDA over Google for the context precision of the 
experiment query set. 
Discussion of results  
The strongest performance indicator favoring OAKDA over Google was the participants own 
subjective rating. This may be due in part to the test group participants sentiment that they 
had more confirmation of the answer’s correctness using OAKDA. Since the ontologies 
visually show relationships between domain concepts, the participants got affirmation more 
readily compared to reading through the prose contained in Web pages and “snippets” 
retrieved by Google. 
 
The “Answer Precision” scores indicate that OAKDA users performing better than those 
using Google in retrieving answers for those Web queries that require a contextual knowledge 
to the search question. Although, several query results with a high precision score surprisingly 
did not contain the answer text in the formulated search term list, by using the closely related, 
but not necessarily accurate, terms in the Web query, the search retrieved highly relevant hits. 
This result indicates that using domain concepts of an ontology is a good method of 
formulating a Web search query. 
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The “Context Precision” data shows that OAKDA did not seem to deliver an advantage over 
the Google users. This result is not surprising since the keywords in the text of the search 
tasks contained broad contextual information about the knowledge domain. This was a 
conscious search query design decision in order to help the participants easily locate the 
appr opriate ontology for the search task. The contextual information given away in the search 
task allowed the Google group to create queries that performed as well as the OAKDA 
generated queries in terms of contextual accuracy. 
 
Taken together, the statistica lly significant advantage of using OAKDA over Google on the 
users rating and answer precision imply that an ontology assisted search application does 
improve a user’s search effectiveness. 
Conclusions 
In this paper, we described an ontology-aided search assistant application and an experiment 
designed to compare the performance of such a system with a keyword-based search engine. 
The results of the study demonstrate that an ontology-aided search application does indeed 
increase the effectiveness of the obta ined results for those queries that require a deep domain 
knowledge, and subject to 1) The search task’s domain corresponds well with and existing 
and available ontology and 2) the search terms are sufficient to identify an ontology to be 
used to assist the search.  
 
It is important however to note some limitations of the study which might have introduced a 
bias in the obtained results. First, the experiment was conducted in a single setting with a 
limited number of participants and search queries. Second, knowledge domains  represented in 
ontologies could  have been known to some of the participants, and no data was collected or 
analysis done on the participant’s prior knowledge  of the tasks . Third, the participants might 
have known which system the experimenter was hoping would be better, thus influencing 
their reported subjective ratings (the Hawthorne effect). Fourth, a counterbalanced random 
presentation design was not used for the presentation order. Fifth, although every participant 
answered an equal number of questions using Google and OAKDA, not every question was 
attempted an equal number of times. 
 
More research is needed to further validate the viability of leveraging domain knowledge 
captured in ontologies to enhance Web search queries.  
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